Gallium nitride nanowire by nitridation of electrochemically grown gallium oxide on silicon by Mohd. Ghazali, Norizzawati
GALL!UM N!TR!DE NANOW!RE BY N!TR!DAT!ON OF
ELECTROCHEM!CALLY GROWN GALL!UM OX!DE ON S!L!CON
NOR!ZZAWAT! B!NT! MOHD GHAZAL!
UN!VERS!T! TEKNOLOG! MALAYS!A
GALLIUM NITRIDE NANOWIRE BY NITRIDATION OF
ELECTROCHEMICALLY GROWN GALLIUM OXIDE ON SILICON
NORIZZAWATI BINTI MOHD GHAZALI
A thesis submitted in fulfillment of the 
requirements for the award of the degree of 
Master of Philosophy
Malaysia-Japan International Institute of Technology 
Universiti Teknologi Malaysia
JUNE 2015
lll
To my beloved parents and family, for their guidance, support, love and enthusiasm. 
I am so thankful for that blessing and for the example you are to me over the years. I 
would not have made it this far without your motivation and dedication to my 
success. May this knowledge are useful for others.
iv
ACKNOW LEDGEM ENT
First of all, I praise to Allah for giving me strength and blessing to complete 
this work. I would never have been able to finish my dissertation without the 
guidance of committee members, help from my friends and support from my family. 
It is a pleasure to thank a few of them.
I would like to express special gratitude to my supervisor, Assoc. Prof. Dr. 
Abdul Manaf Hashim for his continuous guidance and support. He provided me an 
opportunity to take up this challenge and finish this difficult task. I have been 
privileged to work under him as I learned so much from him, not only how to 
perform research in the most effective way, but also he taught me the writing skills, 
especially how to write a paper for a journal. He is very energetic and worked hard in 
guiding me to undertake this research. This work could not possibly be done without 
his valuable advice and guidance.
I would also like to express my sincere gratitude to Prof. Dr. Kanji Yasui 
from Faculty of Electrical Engineering, Nagaoka University of Technology, Japan 
for his guidance and helpful discussions regarding this research, contributing me 
ideas and providing me equipments for my research during and after attachment in 
Japan. There is a lot of input that I have learned from him and I would never forget 
the knowledge that he has transferred to me.
I would like to express my profound appreciations to Prof. Dr. Mohamad 
Rusop Mahmood from Faculty of Electrical Engineering, University Teknologi 
MARA for his contribution on providing me equipment for my research. This work 
would not have been completed without his contributions.
I would like to also thank to all staff, En. Zaini from Universiti Sains 
Malaysia for his help and guidance to teach me the way to analyze the X-ray 
diffractometer data, Mrs. Nurul Wahida Aziz from NANO-SciTech Centre 
University Teknologi MARA UiTM for her assistance in measurement of 
photoluminescence, En. Firdaus from MIMOS for his guidance and for teaching me 
how to operate field emission scanning electron microscopy and Pn. Noraidah from 
Malaysia-Japan International Institute of Technology MJIIT for her guidance to 
check thesis format.
I would like to express my great appreciation to my colleagues at Advance 
Devices and Materials Engineering Kohza, especially Dr. Mastura Shafinaz Zainal 
Abidin, Dr. Farahiyah Mustafa, Dr. Budi Astuti, Dr. Shaharin Fadzli Abd Rahman, 
Ms. Murni Mazli, Ms. Suhaili Abd Aziz, Ms. Fariha Ahmad, Ms. Azzyaty Jayah, 
Ms. Nur Hamizah Zainal Ariffin, Ms. Ashikyn Hambali, Mrs. Freddawati Rashidi 
Wong, Mrs. Noorradiyah Ismail, Ms. Siti Sarah Mohd Azlan, Ms. Noraini Manaf, 
Mrs. Nor Saleha, Mr. Sarwan Sanif, Mr. Desrino Jalani, Mr. Tahsin Morshed and
vMr. Amgad Ahmed Ali for their friendship, assistance and sharing ideas during our 
discussion.
I would like to express my gratitude to my colleagues in Japan during the 
attachment program, Yasuhiro Tamayama sense for his guidance, Mr. Yusuke 
Teraguchi, Mr. Naoya Yamagauchi, Mr. Tomaki Nakamura, Mr. Yuki Ohashi, 
Tomohiko Takeuchi and Mr. Kanauchi for their friendship and support.
Last but not least, I would like to express my special thanks to my mother, 
Pn. Setimah Binti Yusof and my sister Mrs. Masriani Mohd Ghazali, Mrs. Noriani 
Mohd Ghazali and Mrs. Ainun Mazilah Mohd Ghazali for their support and 
encouraging me with their best wishes.
I would like to thank MIMOS Berhad and Universiti Sains Malaysia for the support.
I would like to thank Malaysia-Japan International Institute of Technology (MJIIT) 
for the scholarship and sponsoring the attachment program. This work was supported 
by Nippon Sheet Glass Corp, the Hitachi Foundation, MJIIT, University Teknologi 
Malaysia, Malaysian Ministry of Education and Malaysian Ministry of Science, 
Technology and Innovation through various research grants.
vi
ABSTRACT
GaN is a wide bandgap semiconductor with superb thermal, chemical, 
mechanical and electrical properties which makes it suitable for high power 
electronic and optoelectronic devices. Si substrate is preferable for the 
heterostructure growth of GaN due to its availability in large wafer size, low price 
and maturity. The co-integration of GaN-based devices on Si is very attractive 
towards the realization of advanced heterogeneous integration . A transformation of 
the grown Ga2O3 structures on Si to GaN by a so-called nitridation process is 
considered as a simple method to create a GaN/Si heterostructure. In the first stage, a 
synthesis of P-Ga2O3 nanostructures on Si substrate by electrochemical deposition 
using a mixture of Ga2O3, HCl, NH4OH, and H2O was performed. The morphologies 
strongly depended on the molarity of Ga2O3 and pH level of electrolyte. P-Ga2O3 
nanodot-like structures were grown at low molarity of Ga2O3. However, Ga2O3 
nanodot structures covered with nanorods on top of their surfaces were obtained at 
higher molarity, and the densities of nanorods seem to increase with the decrease of 
pH level. In the next stage, the nitridation of the electrodeposited Ga2O3 was 
performed. The complete nitridation was achieved at temperature of 900°C. Here, 
several prominent diffraction peaks correspond to hexagonal GaN (h-GaN) planes 
were detected with no diffraction peak of Ga2 O3 structure. Temperature is a key 
parameter in a nitridation process where the deoxidization rate of Ga2 O3 to generate 
gaseous Ga2 O increase with temperature. It was found that a complete transformation 
cannot be realized without a complete deoxidization of Ga2O3. A significant change 
of morphological structures takes place after a complete transformation of Ga2 O3 to 
GaN where the original nanorod structures of Ga2 O3 diminish, and a new 
nanowire-like GaN structures appear. The studied method seems to be promising in 
producing high-quality h-GaN nanostructures on Si.
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ABSTRAK
GaN adalah bahan semikonduktor yang mempunyai sela jalur yang luas serta 
ciri-ciri yang luar biasa seperti ciri-ciri haba, kimia, mekanikal dan elektrik yang 
menjadikan ia sesuai untuk dijadikan sebagai peranti elektronik berkuasa tinggi dan 
peranti optoelektronik. Silikon (Si) substrat adalah lebih sesuai digunakan untuk 
pertumbuhan strukturhetero GaN kerana adanya saiz wafer Si yang lebih besar, harga 
yang murah dan kematangan teknologi berasaskan Si. Di samping itu, fabrikasi 
peranti berasaskan-GaN pada platform Si sangat menarik ke arah merealisasikan 
integrasi heterogen termaju. Pada peringkat pertama, strukturnano P-Ga2O3 telah 
disintesis pada substrat Si melalui proses pemendapan elektrokimia menggunakan 
campuran Ga2O3, HCl, NH4OH, dan H2O. Morfologi Ga2O3 yang dideposit sangat 
bergantung kepada molariti Ga2O3 dan tahap pH elektrolit. Struktur berupa nanodot 
Ga2O3 telah tumbuh diatas substrat Si pada keadaan molariti Ga2O3 yang rendah. 
Walaubagaimanapun, struktur nanodot Ga2 O3 dilitupi dengan nanorods di atas 
permukaannya diperoleh pada molariti yang lebih tinggi, dan ketumpatan nanorod 
kelihatan meningkat dengan penurunan tahap pH. Pada peringkat seterusnya, proses 
penitridaan Ga2O3 telah dilakukan selepas melalui proses electrokimia. Pada suhu 
900°C penitridaan yang lengkap telah dicapai. Pada suhu ini, beberapa puncak 
pembelauan utama diperolehi berpadanan dengan satah hexagon GaN (h-GaN) 
dikesan tanpa puncak pembelauan struktur Ga2O3. Suhu adalah parameter utama 
dalam proses peniridaan, dimana kadar penyahoksidaan bagi Ga2O3 untuk menjana 
gas Ga2O adalah meningkat dengan suhu. Transformasi lengkap Ga2O3 kepada GaN 
tidak dapat direalisasikan tanpa penyahoksidaan Ga2O3 yang lengkap. Perubahan 
ketara morfologi berlaku selepas transformasi lengkap Ga2O3 kepada GaN dimana 
struktur asal nanorod Ga2O3 telah mengecil dan nanowayar GaN yang baru telah 
muncul. Keputusan ini menunjukkan bahawa kaedah yang dibentangkan sangat 
berpontensi dalam menghasilkan struktur-struktur h-GaN yang berkualiti tinggi.
